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Report No. 8926-127

Material- Stainless Steel - Type 410, Casting

Effect of Surface Preparation on Adhesive
Bond Strengths

Abstract!

The comparative effectiveness of a sulfuric ac.d-sodium dichromate and a
boiling hydrofluoric acid surface preparation in providing suitable
structural adhesive bonds between Type 410 stainless steel castings, and
7075-T6 clad and 2024-T66 bare aluminum alloys was determined. The sulfuric
acid-sodium dichromate cleaner consisted of distilled water, 2 per cent
sulfuric acid and 2 per cent sodium dichromate used at room temnrerature.
The hydrofluoric acid cleaner consisted of a 10 per cent aqueous hydro-
fluoric acid solution used at its boiling temperature for 5 minutes. The
adhesives used to compare the adhesion characteristics of the different
stainless steel surfaces were EC-1459 primer and AF-1O film (Minnesota
Mining and Manufacturing Co.), and they were cured at 350°F for 2 hours
under a pressure of 100 psi. Satisfactory adhesive bond strengths were
obtained with both surface preparation methods. The hydrofluoric acid
method generally provided the higher strengths, however. Pertinent re-
sults are tabulated below:

Alloys (1) Cleaner (2) Bond Strength
R.T. SS(3) -b7 3o0 F

7075-410 1 3190 4030 2110 2275
7075-410 2 3635 3690 2945 1620
2024-410 I 2690 3910 1690 1670

2 3320 4050 243o 1560
7075-7075 1 4o15 4155 1610 2-45
2024-2024 3 3890 41-65 2115 2265

(1) 7075-T6, 2024-T66 aluminum a).loys, Type 410 stainless steel.

(2) 1, sulfuric acid-sodium dichronmte cleaner; 2, hydrof-,uoric
acid cleaner.

(3) Tested at room temperature after 30 dayo salt spray e%, o;Lr'.

Reference: Pearson, H., Picotte, G. L., Keller, E. E., "Aluminum to
Stainless Steel Bond Tests," General Dynamics/Convair
Report MP 57-603, San Diego, California, 30 December 1957
(Reference attached).
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ACCESS NO.

Title: MAMMIAL - STAINLESS STEEL - TYPE 410, CASTING. EFFECT OF SURFACE
PREPARATION ON ADHESIVE BOND STRENGTHS.

Authors: Pearson, H., Picotte, G. L., Keller, E. E.
Report No. 8926-127 Date: 30 December 1957
Contract: AF 33(600)-30169
Contractor: General Dynamics/Convair
ABSTRACT: The comparative effectiveness of a sulfuric acid-sodium dichromate
and a boiling hydrofluoric acid surface preparation in providing suitable
structural adhesive bonds between Type 41C stainless steel castings, and
7075-T6 clad and 2o24-T66 bare aluminum alloys was determined. The sulfuric
acid-sodium dichromate cleaner consisted of distilled water, 2 per cent
sulfuric acid and 2 per cent sodium dichromate used at room temperature.
The hydrofluoric acid cleaner consisted of a 10 per cent aqueous hydrofluoric
acid solution used at its boiling temperature for 5 minutes. The adhesives
used to compare the adhesion characteristics of the different stainless steel
surfaces were EC-1459 primer and AF-10 film (Minnesota Mining and Manufacturing
Co.), and they were cured at 350*F for 2 hours under a pressure of 100 psi.
Satisfactory adhesive bond strengths were obtained with both surface preparation
methods. The hydrofluoric acid method generally provided the higher strengths,
however Pertinent results are tabulated below:

(see next card)



ACCESS NO. (Continued)

Title: MAMRIAL - STAINLESS STEEL - TUPE 4 10, CASTING. EFFECT OF SURFACE
PREPARATICN ON ADUESIVE BOND STRENGTHS.

Alloys (1) Cleaner (2) Bond Strength

7075-410 1 3190 4o8o 2110 2275

7075-410 2 3635 3690 2945 1620

2024-410 1 2690 3910 1690 1670

2 3320 4050 2480 1560

7075-7075 1 4o15 4155 1610 2145

2024-2024 1 3890 4165 2115 2265

(1) 7075-T6, 2024-T66 aluminum alloys, Type 410 stainless steel.

(2) 1, sulfuric acid-sodium dlichromate cleaner;

2, hydrofluoric acid -2leaner.

(3) Tested at room temperature after 30 days salt spray exposure.
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REPORT NO. 57-603
ALQMINM TO 410 STAINLESS

STEEL BOND TESTS

In accordance with a letter from AMC, substantiation of the stainless
steel surface treatment described in paragraphs 3.2.2.4 and 3.2.2.5 of Convair
Specification 8-01318 was deemed necessary. The relative effect of cleaning
with sulfuric acid-sodium dichromate type solutions and of hydrofbeio acid
cleaners on bond strength was desired. The stainless steel alloy to be tested
was Type 410 in cast form.

QbJECT:

To evaluate present stainless steel cleaning methods on Type 410 cast
stainless steel in accordance with Convair Specification 8-01318.

CONCLUSION:

Satisfactory results were obtained with both the sulfuric acid-sodium
dichromate and hydroflueric acid surface treatment systems. The hydroflwric
acid method specified in 3.2.2.5 is the better of the two systus in regards
to bond strength.

RACCHMEADAT ION:

Some thought should be given to the necessary strength requlrments before
establishing a production line surface treatment system an this type steel.
Rm though slightly higher tensile shear values are obtained by the alternate
cleaning nothod, it would be considerably more hanardaus in operation. The
use of boiling hbydrofluerio acid in the cleaning procedure would neeeasitete
the use of special cleaning tanks and severe safety precmtions. Peasibly the
loss in bond strength could be sacrificed to aflow for ease in handling

DWCRIPTIgM OF SPMCID :

The specimens were of the lapped tensile shear type. One half of each test
specimen was aluminum and the other half steel. The alumim. half speelsens
consisted of two types. These wore .0640 7075-T6 clad and ,064 2024-T$6 bare
aluiminum alloys. The were out and subsequently milled to on by four inch
dimensions. These will hereafter be referred to as type *A and type eo
aluaimu respectively.

The steel half of specimens were out from four F-106 rudder horns. It was
found that by making some of the asmples slightly less than the desired one by

FORM 1812A
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DMCRIPTION OF SPECIMN S: (Continued)

four inch sise, forty-one pieces .0510 thick could be obtained. During the
milling operation both sides of the specimens were given a 125 microinch finish.

A duplicate set of aluminum to aluminua specimens were prepared for control
purposes

The aluminum half of test specimens were cleaned with diohromato-eulfUrio
acid cleasing solution as set forth in paragraph 3.2.2.1 of Speoifioation 8-01318p
oven dried for 20 almntes at 1750 Ft allowed to cool to room temperature and
primed with EC 1U59, LOT 16M6S. The specimens were then air dried for 15 minutes
at room temperature snd preoured 33 minutes in a circulating air oven at 290D 7,
preparatory for bonding.

The steel half of test specimens were divided into two group.. One group
was cleaned in aocordance with paragraph 3.2.2.4 of Spoolecatiom 8-01318 and
shall be referred to as type 1. The other group was *leaned by the method
specified in paragraph 3.2.2.5 of Specification 8-01318 and shall be salled
type 2. Both sets of specimens were then dried and primed in the saw manner
as were the alininum specimens described above.

A special Jig, me Figure 1, was fabricated to hold the speoimens in place
during the bonding operation. This fixture maintained the overlap distanee as
wel as the algment of the two half specimens* All specimens were boaded
with A? 31, LO 24 adhesive at 3500 F 1 100 F for 2 hours 1 5 minutes and at a
prOssure of 100 psi k 5, aceording to the procedure set forth in Convair
Specifications 8-01318 and 0-03007.

The bonded specimens were of four kinds; type A" alumiiný bonded to
type 1 and 2 steel and type "B" aluminum boeded to type 1 and 2 steel. Hereafter
in this report then test specimens vill be referred to by the folloving
designations; Al, A2 , B19 and B2 respectively. 3ash type of speelem was
tested as follews a room temperature, room temperature after tbt das exposure
to salt spray, aims 67° F. and plus 300F . The specinsinaoubjeoted to alt
spray eosure were tested within two Sours after their remeol from the
onvireental eabinet. The salt spray exposure ws done in accordsnce with
Specification QQ.-M151.

AUl testing was done am a Tinius Olsen testing maohine with a priate
attabments.

The results of tensile hear tests are recorded in Tables 1 2# 3, and 4.
Note; Zhn 3001' F ýensilo shear values given in Tables 1 and 2 are low due

T8o a mooixanical failure oC '-e testino naohineo

The data from which this report was prepared are recorded in Data Book No, 891O
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